Abstract: For the reason that traditional space release device has the drawbacks of high shock and inflammability, this paper presents a new design of incomplete thread space release device. The structure of the release device was designed first, and the main parameters of the components were calculated. The strength check of the springs inside the release device and the dynamic of the device were obtained by the ADAMS software. What more, the static strength of main components was analyzed by the ANSYS software. The results indicated the release device possesses feasibility, and the designed parameters satisfy the theoretical requirements and the strength check. The device meets the purpose of fast release and low shock whose release time is 0.36s and the maximum velocity is 14.4121cm/s.
Introduction
Space release device is widely used in the space missions, such as the separation of the satellite and rocket and the space expansion of large appendages. It can provide preload for the attachments' locking to ensure its completeness under the launching impact. What's more, it can release under the instruction of the space orbit state [1] .
At present, the space release device is mainly pyrotechnical products, such as the pyrotechnic bolts which is a mature and reliable technology. Although the reliability of the pyrotechnics is checked out by countless tests, it is still inflammable, explosive, nonreusable and hard to store. Due to these reasons, the application of pyrotechnic bolt is limited on many conditions [2, 3] . The United States, Russia and other countries have used memory alloys as the material of release mechanism in space fields since 1980s [4] [5] [6] . The Fast Acting, Shock less Separation Nut, developed by Strays Research Corporation, represents a kind of release devices with low-shock and non-pyrotechnic [7] . However, the structure of the separation nut is relatively complex.
For the reasons that traditional space release device has these shortcomings, the new design of incomplete thread space release device is presented. This paper introduced the structure and the release process of the new-type space release device, and it calculated the main parameters of the device. The dynamics of the incomplete thread space release device was simulated by the ADAMS software, verifying the feasibility of the device. Meanwhile, the main bearing components of the release device were also proceeded the strength check by the ANSYS software.
The Methods of Design and Simulation

The Structure Design and Working Mechanism of the Release Device
The structure diagram of the space release device is shown as Figure 1 . The bolt connects the upper and lower junction plate by the way of crossing the center of the hole, and the connection between the bolt and the upper nut is incomplete thread connection. On the upside platform of the upper nut, the circular ring groove which has a 60 degrees in radians is used to limit the upper nut's rotation. What's more, the upper nut's radial position is limited by the deep groove ball bearing. The needle roller bearing is used to support the upper nut's rotary, and the radial locating of the upper nut's lower part is guaranteed by the match between the upper nut and the needle bearing's top circle. The initial torque of the upper nut is applied by the torsion spring which at the bottom of the upper nut and fastened with the housing. Meanwhile, the shear set is adopted to ensure that the entire device can bear the shear force, the shear sleeve is adopted. Because of the connection of the spline sleeve and the bolt, the bolt can't rotate during upper nut's rotation. The compression spring provides axial force for the bolt, so that the device can release successfully. The bolt's bottom part connects with the lower nut by the way of thread, which is used to apply initial pre-tightening load on the bolt. After completely releasing, the bolt and the lower nut will be hold by the shield.
When the device got release instructions, the rotate limitation is relieving. Then the upper nut begins to rotate due to the non-locking feature of the thread and the initial torque of torsion spring. When the upper nut and the bolt's threads are fully staggered, the groove on the top of the upper nut contacts with the small cylinder of the trigger device to restrict the rotation of the upper nut. Then the bolt disconnect with the upper nut by the driving force of the compression spring, and the upper and lower junction plates separate to achieve the release.
The Dynamic Simulation of the Space Release Device
In order to obtain release time and release shock of the space release device, the dynamic was simulated by the ADAMS software. The ADAMS software (developed by MDI Company, the United States) uses the interactive graphics environment, the parts library and the constrains library to establish the fully parameterized geometry model. And the dynamic equations are used to simulate the dynamic by the virtual prototype [8] .
The basic algorithm of the ADAMS software
The ADAMS software uses the Lagrange equation method to establish the system dynamics equations. It selects three rectangular coordinates of the mass center in each inertial reference frame and three Euler angles which determining the orientation of the rigid as Descartes generalized coordinates. The Lagrange first equation with a multiplier can handle complete restraint system or a complete restraint system of the redundant coordinates to export the kinetic equations which has the variable of Cartesian coordinate. The calculation program of the ADAMS software uses Jill rigid integral algorithm and sparse matrix techniques, and it greatly improves the computational efficiency [9] .
The coordinates of ADAMS
Most of the mechanical system use rectangular coordinate system and the widely used Cartesian coordinate is a rectangular coordinate system which adopts right-hand rule. All vectors of kinematics and dynamics can be represented by the coordinates of the unit vectors along three components. The reasonable coordinate system can simplify the motion analysis of mechanical system. Three coordinates were often used in the ADAMS software, as follow. a) Ground coordinate system. The ground coordinate system is also called static coordinate system, and it is a coordinate system fixed on the ground. In the ADAMS software, the positions, directions and speed of whole members can express by the ground coordinate system. b) Local part reference frame (LPRF). This coordinate is fixed on the members and moved with it, and each member has a local reference coordinate system. The position and orientation of the member are determined by the way of the position and orientation of the local reference coordinate system on the ground coordinate system. c) Marker system. The marker system is also called marker, and it is an auxiliary coordinate system for simplifies the modeling and analysis. There are two types of marker system: fixed marker and floating marker. The fixed marker is fixed on the member and moved with the member. And the location and direction of the fixed marker can be determined through the position and orientation of the fixed marker in the partial elements coordinate. What more, the fixed marker are also used to define the shape of the member, the position of the centroid, the point of action and reaction, the connecting position of the members and so on. The floating marker moves relatively to the member, and some force and constrains are located by the floating marker in the motion analysis of mechanical system [10] . The ADAMS software uses Lagrange-multiplier method to establish the kinematic equations of the system, as Eq. (1) shows.
The solving equation of dynamics
( )
The complete constraint equation is shown as Eq. (2):
The incomplete constraint equation is shown as Eq. (3):
Where, T is the kinetic energy of the system, q is the generalized coordinates array of the systems, Q is the generalized force array, ρ is the Lagrange multiplier array of complete constraint, μ is the Lagrange multiplier array of incomplete constraint.
The kinematic equation of the system is reduced-order to first-order algebraic differential equations and written into the general form, as Eq. (4) shows.
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Where , u is the generalized velocity array, λ is the reaction forces and force array, F is the system dynamics and user-defined differential equations, Φ is the constrained algebraic equations array.
If the state vector of the system is define as y= [q
, then the above equations is written as (y y, ) 0 g t =  ， . These equations are Differential-Algebraic Equations (DAEs), and the ADAMS software uses two algorithms to solve DAEs: a) The DAE is solved directly. The software provides three powerful integration solutions of variable order and step size: GSTIFF integrator, DSTIFF integrator and BDF integrator. Those solutions are used to solve the nonlinear and sparsely coupling differential-algebraic equations, and this method is suitable for the simulation of stiff system. b) The ABAM integrate solution of the procedure is used. The ADAMS software decomposes generalized coordinates into independent or non-independent coordinate coordinates by constraint equations. Then the DAEs are curtailed into ordinary differential equations (OBE) for its solution. This method applies to the system which simulate eigenvalues undergo mutation or high frequency system [9] .
The analysis process of the ADAMS software
With the component library and the constraint library modules of the ADAMS software, the model of the system was established in accordance with the actual physical parameters of the system. (1) It checks the original input data first before the software analyzes, when the data doesn't have errors the software will judge the freedom of the whole system. If the degree of freedom is zero, it will simulate the kinematics of the release device. Otherwise it will begin its dynamics simulation or static analysis; (2) The software solves matrixes with its powerful integrators; (3) Before the end of the simulation, the simulation is success when the Jacobian matrix or matrix organization are not singular. The relevant parameters could be measured, and its curves could be drawn; (4) Otherwise, the simulation is fail. The model and the constrained conditions need to be re-examined, and the simulation time, steps or other parameters need to be re-setted until the simulation results are correct.
The modeling of the release device
Firstly, the model of the space release device was built. Due to the poor capability of the automatically dynamics analysis software in the modeling of the mechanical system, it is unsuited for the modeling of complex construction. Thus the 3D design software SolidWorks, a mechanical product design as the main object of the CAD/ CAM/CAE integration, was used to establish the solid model. The solid model includes the upper nut, the bolt, the upper and lower junction plates and so on, and the entirety model of the space release device was shown in Figure 2 . 
The simulation conditions
The system is simultaneously bore the axial force of the compression spring, the torque of torsion spring and the bolt's pre-tightening load before releasing. After receive the release signal, the bolt's pre-tightening load is released, and the system is only driven by the two springs. In the model, the limited post (the red part in Figure 3 ) which limits the rotary of the upper nut is simulated the trigger stop-action device for the system. The upper and lower function plates in the model are assumed to be stationary. The upper and lower function plates were connected with the housing, the spline sleeve, the shield and the limited post in the whole system. The connections of the bolt and the spline sleeve, the upper nut and the housing are the sliding pair, the cylindrical pair, respectively.
There are 5 contacts in the model: the contact between the bolt and the upper nut is friction-type contact; the contacts between the upper nut and the limited post, the upper nut and the housing, the lower nut and the shield and the lower nut and the splined sleeve are both no frictional contact.
To accurately simulate the relationship between the upper nut and the bolt and provide a trigger signal, some assumptions are setting as follow. Firstly, in order to simulate the pre-tightening load before the releasing, sliding pair was applied between the upper nut and the housing, and a gap was set between the upper nut and the bolts' thread. The upper nut can only move along axis without rotation, and its thread was pressed onto the bolt's thread by the moved down of the bolt with the axial force of the compression spring and the pre-tightening load. Secondly, in the release process the script file that the sliding pair will lose efficiency at 0.5s was built in the release process, and after that the upper nut rotates.
Intensity Check
In order to research the load conditions of the device, the ANSYS software was used to analyze the static strength of main components. The stress and strain contours were obtained from the software, verifying the reliability of the device.
Before the finite element analysis, the type of the finite element analysis unit must be determined first, which affects the meshing of the model and the accuracy of the analysis. The solid45 unit is often chosen to define the solid model. While the solid95 unit is more advanced than solid45 unit, and it is applied to the model of the curved boundary. The unit possesses plasticity, creep, stress stiffening, and capabilities of large deformation and large strain. What's more, this unit has 20 nodes, and each node has three translational degrees of freedom in the X, Y and Z directions. It can absorb irregularly shaped units without losing accuracy. Thus, considering the actual forces of the upper nut, the time for computing and other factors, solid95 unit was chosen for analyze.
Considering the feasibility of the simulation on the complex structure, the free mesh method was chosen. The material of the upper nut, the bolt, the spline sleeve, and the shear set are steel, their elastic modulus, Poisson ratio is 210GPa, 0.3, respectively. The contact surface of the upper nut and the needle roller bearing, the surface of the bolt contacted with the lower nut and the surface of the spline sleeve contacted with the lower nut were exerted 122.5kN axial surface load. And fully constrained in the direction of X, Y and Z were applied on the thread part of the upper nut and the bolt, and on the surface of the spline sleeve which connected with the lower junction plate. Meanwhile, the shear set was only bear the shear force. The surface of the set contacted with the lower junction plate was put constraint, the set could move along axis and rotate around the axis. The surface of the set contacted with the upper junction plate was exerted 20kN shear force.
Results and Discussions
The parameters of the springs
In order to increase the releasing, the connection styles of the upper nut and the bolt are trapezoidal thread, and the no self-lock feature should be insured. The thread parameters calculated is shown as Table 1 . For the reason to reduce the separation time, the initial torque and axial should provide for the upper nut and the bolt. While the torsion spring and compression spring couldn't bear big force, the parameters of those spring calculated by the formulas are shown in Table. 2, Table. 3. 
Results and Analysis of the ADAMS Software
The checkout of the springs' performance
The value of the torque and the output force were simulated to examine whether they corresponds with the value of the theoretical loading [12] . The torque curve of the torsion spring was shown as Figure 3 . The Figure 4 indicates that the torque of the torsion spring is 10785.9Nmm within 0.5s, and this value is fully consistent with theoretical calculation. When received release signal at 0.5s, the torsion spring drove the upper nut rotating, and the torque reduce to 0 at 0.54s. This showed that the spring could be completely released within 0.04s.
The axial force curve of the compression spring was shown in Figure 4 . The Figure 5 indicates that the axial force of compression spring is fluctuating within 0.0003s, and this is the instant effect of applied pre-tightening load. During 0.0003s to 0.5s, the spring is in compressed state. And due to the slight displacement of the bolt, the axial force of the spring can maintain around 135N which is less than the theoretical calculation (139.08N). Because of the effect of the thread on the upper nut, it would lead the bolt have a slight axial displacement during rotation when the system received release signal at 0.5s. Meanwhile, the spring is compressed, and the axial force is slightly larger. So the axial force of the compression spring will have a slight increase at 0.5s. At the same time, the upper nut and the bolts' threads was completely staggered. Then the bolt dropped down, and the compression spring stretched. Afterwards the process of the bolt was bottomed out and driven the compression spring stretching.
Therefore, the loading conditions of the torsion spring and compression spring was conformed to the requirements of the theoretical design, which would apply the foundation of the subsequent dynamics simulation.
Results and analysis of the dynamic simulation
The axial displacement curve of the bolt was shown in Figure 5 . The Figure 6 indicates that the pre-tightening load between the upper nut and the bolt was stable, and the rotation of the upper nut was hold by the limited post during the time 0s ~ 0.5s. So the bolts had no displacement during this period. When the device got a release signal at 0.5s, the upper nut started to rotate, then the bolt have an inverse axial displacement. When the incomplete thread of the upper nut and the bolt stagger, the bolt left the upper junction plate at 0.86s, and the device completely released. The subsequent displacement change of the bolt was caused by the bottomed out of the bolt and the shake with the compression spring. Consequently, the device can achieve the release, and the release time is 0.36s which is lower than the time of the design requirements.
The velocity curve of the bolt was shown in Figure 6 . From the Figure 7 , the velocity of the bolt changed in an instant because of the applied pre-tightening load within 0.004s, and then the velocity remained stable. The upper nut began to rotate when the device got a release signal at 0.5s, and the bolt possessed a reverse velocity. What's more, the bolt didn't drop down until the thread completely staggers. The maximum velocity of the bolt is 14.4121cm/s when the bolt nearly touched the shield. However, there's the cushion at the bottom of the shield, so the impact of the shock reduce gradually.
The Results of the Intensity Check by ANASY Software
The results of stress and strain contours of the upper nut are shown in Figure 7 and Figure 8 . The maximum stress get from the software is 1597MPa, which appears on the end face of the upper nut and the lower end position. The upper nut material is steel TM210 and its yield strength is 1960MPa, so the upper nut's structure can meet the strength requirement. The maximum deformation of the structure is only 0.2826mm, which appears on the upper cylindrical of the upper nut, it also meet the design requirement.
The results of other parts are shown as follows, as shown in Figure 9 to Figure 14 . Their strength and deformation also meet the requirement. 
Conclusion
This paper designed the structure of the incomplete thread space release device. The main parameters of the thread and the springs were also calculated.
The ADAMS software was used to carry on dynamic simulation and verify the force and the torque of the springs. The release time and the maximum velocity of the device got through the simulation is 0.36s, 14.4121 cm/s, respectively. The device releases fast and has a very low shock.
The ANSYS software was used for the intensity check of main components. The main components that the upper nut, the bolt, the spline sleeve, and the shear set were checked by the software. The maximum stresses got from the software were 1597MPA, 1847MPA, 1115MPA, and 1638MPA, respectively. Their strengths meet the load conditions.
